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Executive Summary 
1. Substantial evidence of live mink was observed along the shoreline of the Genesee 
River portion of the RE AOC, which supports delisting the “mink are present and are 
reproducing” criterion of the Degradation of Fish and Wildlife Populations and the 
Loss of Fish and Wildlife Habitat BUIs. 
2. According to the USFWS Habitat Suitability Index Model, habitat appears to be 
highly suitable (85%) for mink along the Genesee River shoreline of the RE AOC, 
which supports delisting of the Loss of Fish and Wildlife Habitat BUI. 
3. For total mercury chemical analysis: 
a. No amphibian, crayfish and lower trophic level fish samples exceeded the 
published dietary lowest observed adverse effect level (LOAEL) for mink.  
b. All upper trophic level fish samples exceeded the published dietary LOAEL for 
mink (500 ng/g), by 13% on average.  
4. For PAH, PCB and dioxin (CDD)/furan (CDF) chemical analyses: 
a. None of the 12 composited mink prey samples exceeded dietary LOAELs for total 
PCBs (960,000 pg/g) and TEQ for CDD/CDF (9.2 pg/g). 
b. Ten of the 12 samples did not exceed the dietary LOAEL for PAHs, co-planar 
PCBs, and CDD/CDF combined (9.2 pg/g). 
c. One upper trophic level fish sample exceeded the dietary LOAEL for PAHs by 
147% because it contained ~100 times more PAHs (which accounted for 95% of 
total TEQ in that sample) than the other two samples. 
d. One lower trophic level fish sample exceeded the dietary LOAEL for PCB TEQ 
by 4% because it contained ~90 times more PCB 126 (which accounted for 93% 
of total TEQ in that sample) than the other two samples. 
5. Mink hazard assessment: 
a. Using the “highest exposure” mink diet found in published literature (92% from 
aquatic sources), and using mean concentrations of BUI contaminants found in 
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potential mink prey in the Genesee River portion of the RE AOC, the maximum 
dietary exposure of mink would be 81% of the LOAEL for total mercury, 23% of 
the LOAEL for total PCBs, and 69% of the LOAEL for total TEQ (PAHs + 
CDD/CDF + co-planar PCBs). This is the “worst case” diet scenario. 
b. Using the average of six mink diets reported in published literature (65% from 
aquatic sources) comparable to what mink would eat in the Genesee River portion 
of the RE AOC, and using mean concentrations of BUI contaminants found in 
potential mink prey in the study area, the dietary exposure of mink would be 48% 
of the LOAEL for total mercury, 13% of the LOAEL for total PCBs, and 40% of 
the LOAEL for total TEQ. This is the “likely” diet scenario.  
6. It would be reasonable to delist the Bird or Animal Deformities or Reproductive 
Problems BUI in the RE AOC because: 
a. Except for total mercury (13% above) and total TEQ (3.4% below; CDD/CDF, 
PAH and co-planar PCB TEQ combined) in upper trophic level fish, mean 
concentrations of BUI contaminants in the other three mink prey groups (crayfish, 
amphibians, lower trophic level fish) were far below dietary LOAELs for mink.  
b. Using a worst case diet (92% aquatic) for mink, and the analytically-determined 
mean concentrations of BUI contaminants in potential prey, a hazard assessment 
showed that the dietary LOAELs for total mercury, total PCBs, and total TEQ 
would not be exceeded for mink in the Genesee River portion of the RE AOC. 
 
Introduction 
The Rochester Embayment Area of Concern (RE AOC) is located north of the City of 
Rochester, New York, and includes the 35-mi2 portion of Lake Ontario south of a line between 
Bogus Point in the Town of Parma and Nine Mile Point in the Town of Webster (both in Monroe 
County, NY), adjacent wetlands and bays, and the 6-mile reach of the Genesee River from the 
river’s mouth at Lake Ontario to the Lower Falls in Rochester (Figure 1). Most of the river 
corridor in the AOC is urban, commercial or residential but the steep gorge makes access by foot 
challenging. The river has high boat traffic in summer (recreation) and fall (salmon fishing). Our 
study focused on mink prey in the Genesee River portion of the AOC, while an earlier study 
(Haynes et al. 2007) focused on mink in the Braddock Bay Fish and Wildlife Management Area 
in the western portion of the AOC. Both studies will be used to support delisting of the “Loss of 
Fish and Wildlife Habitat,” “Degradation of Fish and Wildlife Populations” and “Bird or Animal 
Deformities or Reproductive Problems” Beneficial Use Impairments (BUI) in the RE AOC. 
The known or suspected chemicals thought to cause the “Degradation of Fish and 
Wildlife Populations” and “Bird or Animal Deformities or Reproductive Problems” BUIs are 
mercury, polychlorinated biphenyls (PCBs), dioxins (CDD)/furans (CDF) and the pesticide 
mirex (Ecology and Environment 2009; Table 1). Polycyclic aromatic hydrocarbons (PAHs) are 
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also present in the RE AOC. Although they are not listed as a known or suspected BUI, their 
concentrations and potential for adverse effects were evaluated in this study. The approach for 
addressing the BUI delisting criteria for the Genesee River portion of the RE AOC was two-fold:  
1. Conduct mink habitat and population assessments.  
2. Determine whether “Levels of [BUI contaminants] measured in the tissue of resident prey 
are below those known to be associated with mink reproductive failure.” Based on 
current knowledge, the BUI contaminants that might impair mink reproduction in the RE 
AOC are total PCBs, CDDs/CDFs and mercury. Pesticide residues (e.g., mirex) are not a 
concern for mink reproduction (Giesey et al. 1994), while the status of PAHs was 
established during this study by literature review and prey tissue analysis. 
The approach of sampling mink prey, but not mink, was adopted for two reasons: 
1. It was uncertain whether enough mink could be trapped in the study area to obtain a 
statistically defensible sample size for chemical analyses of their tissues. 
2. Access by boat to trapping areas along the river during the icy winter trapping season 
would have been dangerous for the field crew. 
Research questions 
1. Are mink or their signs observed in the Genesee River portion of the RE AOC? 
2. What is the extent and quality of mink habitat in the Genesee River portion of the RE 
AOC?  
3. Are concentrations of PCBs, CDDs/CDFs, PAHs and mercury measured in the tissue of 
resident prey below those known to be associated with mink reproductive failure? 
 
Methods  
Mink and their signs in the lower Genesee River portion of the RE AOC 
Twenty “black trakka” traps purchased from a supplier in New Zealand and marked with 
mink scent by the field crew were set out in likely mink microhabitats from August 7 through 
October 2, 2013 (Figure 2). These non-lethal traps are designed for animals to walk through a 
tunnel and leave foot prints on clean paper after stepping on inked paper. Traps and the muddy 
areas around them were checked once or twice weekly for mink prints.  
Extent and quality of mink habitat in the lower Genesee River portion of the RE AOC  
Google Earth and Pictometry.org images from the southern extent of continuous boat 
docks ~1.5 km upstream from Lake Ontario to the rapids ~0.5 km downstream from the Lower 
Falls of the Genesee River were examined to evaluate potential mink habitat in the study area. In 
August and September 2013 an experienced mink trapper and the project field crew leader made 
detailed habitat observations, by boat and on foot, within ~100m of the shoreline along the river 
(Figure 3). The U.S. Fish and Wildlife Service’s (USFWS) Habitat Suitability Index (HSI) model 
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for mink (Allen 1986) was used to estimate habitat suitability at 41 sites. In addition, the trapper 
gave an experience-based HSI for mink (i.e., likelihood of successfully trapping mink) for each 
site. Both indices were on scales of 0-1. During habitat suitability surveys each site also was 
checked for signs of mink (e.g., foot prints, scats, dens). 
Stable isotope analysis to determine mink prey trophic levels 
Stable isotopes of nitrogen are used to evaluate trophic webs of ecosystems to give 
lifetime, integrated estimates of trophic level for organisms (DeNiro and Epstein 1978, Cabana 
and Rasmussen 1994). 14N has a stable, heavier isotope (15N) which occurs naturally, and the 
heavier and lighter isotopes are differentially absorbed and metabolized by organisms (Fry 
1991). Usually the lighter isotope is excreted preferentially, leading to a relative enrichment of 
the heavier isotope in organisms relative to their environment or diet. This enrichment is 
measurable through mass spectrometry, and is reported in parts per thousand (δ‰) relative to a 
standard:
310)]/()[(  standardstandardsample RRRX , where X is 
15N and R is the corresponding 
ratio of 15N/14N. The standard for nitrogen is atmospheric nitrogen (Fry 1991). 
Selective excretion of 14N over 15N by animals results in an increase of approximately 
3.4‰ in the δ15N at each trophic level; thus, 15N analysis can determine the average trophic level 
at which an animal feeds (Peterson and Fry 1987, Cabana and Rasmussen 1994). 
 Trophic levels vary from 1 (herbivores) to 6 (apex predators.) Mink in riparian areas 
often eat amphibians, crayfish and fish (USEPA 1993). Three samples each of amphibians, 
crayfish, lower trophic level fish and upper trophic level fish were collected in the study area 
from 7 August 2013 through 2 August 2014. Frozen, composited, 10g samples of muscle tissue 
from amphibians (7-16 animals/sample), crayfish (52-73/sample), lower trophic level fish 
(10/sample) and upper trophic level fish (5/sample) were analyzed by the Cornell Stable Isotope 
Laboratory (COIL) for isotopic ratios of 15N/14N (δN) to determine average prey trophic levels.  
PCB, CDD/CDF, PAH and mercury concentrations in the tissues of potential mink prey    
Frozen, composited, >70g samples of each prey group sample (N=12: 4 prey types*3 
samples each) were sent to ALS Global Environmental. Each of the 12 prey samples was 
homogenized, and separate aliquots were analyzed for total mercury (USEPA Method 1631app) 
and PAH (USEPA Method 8270D), PCB (USEPA Method 1668A) and CDD/CDF (USEPA 
Method1613B) congeners in Kelso, WA or Houston, TX. Data were reported for 18 PAH 
congeners, seven of which had RFP >0.0000019; total PCBs, including 15 congeners with 
TEQ>0.01; and total CDD/CDF, including 15 congeners with TEQ>0.01 (Appendix C). 
Mink hazard assessment 
Concentrations of total mercury, total PCBs and total toxic equivalents (TEQ for PAHs, 
CDDs/CDFs and co-planar PCBs combined) found in mink prey were used to estimate the 
maximum potential dietary exposure of mink in the Genesee River portion of the RE AOC. TEQ 
(where 2,3,7,8-TCDD = 1) for CDD/CDF and PCB congeners were calculated using values from 
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Van den Berg et al. (2006). TEQ for PAH congeners was calculated using relative potency 
(REP) values from Villeneuve et al. (2002). TEQ was summed separately for CDD/CDF, PCBs 
and PAHs then all categories were summed to yield total TEQ for each prey group sample. 
USEPA (1993) reported the results of 17 studies of mink diet at 25 different locations 
where the portion of the diet from aquatic sources ranged from 13.4% to 92%. The maximum 
potential exposure of mink to BUI contaminants in RE AOC water would be represented by the 
study on a river in lower Michigan (Alexander 1977 cited by USEPA 1993), consisting of 57.5% 
upper trophic level fish, 27.5% lower trophic level fish, 4% crustaceans and 3% amphibians 
(total 92% aquatic), and 8% “other” (birds, mammals, vegetation, and unidentified). We used 
these dietary percentages to represent a realistic “worst-case” dietary exposure to total mercury, 
total PCBs and total TEQ for mink in the RE AOC. We then averaged the results from the six 
most relevant diet studies (for mink living along rivers and streams) cited by USEPA (1993; 
studies averaged were Hamilton 1940, Korschgen 1958, Cowan and Reilly 1973, Alexander 
1977a, b, and Burgess and Bider 1980). For each prey category, we averaged the proportion of 
that category from all six studies to get a “typical” proportion of the diet for that category. A 
“typical” riparian mink’s diet consists of 35.8% upper trophic level fish, 14.6% lower trophic 
level fish, 10.9% crustaceans and 8.7% amphibians, with a total of 65% from aquatic sources. 
Dietary exposures of mink in the RE AOC were estimated by multiplying the average 
concentration of each BUI contaminant in each of the four prey groups by the corresponding 
portion of mink diet, and summing the results. We did these calculations twice: 1) for the worst-
case diet Alexander (1977, in USEPA 1993), and 2) for the typical diet represented by the 
average of the six studies. Maximum estimated dietary exposures were then compared to 
published lowest observed adverse effect levels (LOAEL) reported by Haynes et al. (2007). The 
trophic levels calculated for each prey group were multiplied by that prey group’s proportion in 
the diet (the non-aquatic portion of each diet was assumed to be trophic level 1), and the results 
were summed to estimate the trophic levels of diets 1 and 2 above. The estimated dietary trophic 
levels were then used in a hazard estimate by comparison with known trophic levels of mink 
(hence diet) determined in the western RE AOC by Haynes et al. (2007). 
 
Results 
Mink and their signs in the lower Genesee River portion of the RE AOC 
Although no mink walked through the traps and left inked tracks behind, definite 
evidence of mink was found 15 times (9.4% of 160 trap-checking days) on (muddy tracks) or 
around (foot prints) 10 of the 20 traps set throughout the study area (Figure 2). Three other sets 
of potential mink tracks near traps could not be identified definitively. One live mink, swimming 
across the river, was observed by the field crew (Appendix A).  
Extent and quality of mink habitat in the lower Genesee River portion of the RE AOC  
Much of the area within a minimum of 100m of the shoreline, on both the east and west 
banks of the river, appeared to be suitable mink habitat (Appendix B, Figure 3). USFWS HSI 
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model values averaged 0.85 + 0.29 (standard deviation), with 1 as optimum habitat. According to 
the three criteria used in the USFWS HSI model (percent of surface water, percent vegetation 
cover within 30m of the shoreline, and percent shoreline cover within 1m of surface water) nearly 
all habitat in the study area was suitable for mink. Based on long experience the professional 
trapper rated average mink habitat suitability at 0.43 + 0.24. The trapper’s lower scores (P<0.0001, 
Paired T-Test; Statistix 2013) were based on steep, rocky slopes and evidence of much human 
disturbance (e.g., trails, fire pits, trash, fishing paraphernalia) along many sections of the shoreline.  
Species composition and trophic levels of samples of potential mink prey 
Three species of amphibians were collected: green frog, Lithobates (formerly Rana) 
clamitans, leopard frog, (L. pipiens) and American toad (Anaxyrus americana). Three species of 
crayfish were sampled: >96% were northern clearwater crayfish (Orconectes propinguus) and 
the rest were six white river crayfish (Procambarus acutus acutus) and one big river crayfish 
(Cambarus robustus). Lower trophic level fish species included in each composited sample were 
bluegill (Lepomis macrochirus), pumpkinseed (L. gibbosus) and yellow perch (Perca 
flavescens), while upper trophic level fish in each composited sample were northern pike (Exox 
lucius), largemouth bass (Micropterus salmoides) and smallmouth bass (M. dolomieu) (Table 2). 
Mean trophic level (δN + SD) was 2.06 + 0.08 for amphibians (AM), 3.72 + 0.11 for 
crayfish (CR), 4.45 + 0.06 for lower trophic level fish (LF), and 4.88 + 0.05 for upper trophic 
level (UF) fish (Table 3; Appendix C). The trophic levels of the four groups were significantly 
different from each other (P<0.0001, One-way ANOVA, Tukey’s HSD; Statistix 2013). Separate 
aliquots of the tissue samples used to determine trophic level also were analyzed by ALS Global 
Environmental for total mercury and PAH, PCB and CDD/CDF congeners.  
BUI contaminant concentrations (not lipid adjusted) in the tissue of potential mink prey  
Total Mercury 
Concentrations of mercury in the nine samples of amphibians, crayfish and lower trophic 
level fish (range: 65-302 ng/g) were below (13-61%) the dietary LOAEL for mercury (500 ng/g; 
Dansereau et al. 1999). Concentrations of mercury in the three upper trophic level fish samples 
(range: 517-600 ng/g); all exceeded (by <20%) the dietary LOAEL for total mercury (Table 3, 
Appendix C). 
PAH Relative Potencies (REP=TEQ)  
Concentrations of TEQ from PAHs (REPs from Villeneuve et al. 2002) in 11 of the 12 
samples of amphibians, crayfish, lower trophic level fish and upper trophic level fish (range: nd-
0.57 pg/g) were below (<6%) the dietary LOAEL for PAH TEQ (9.2 pg/g; Bursian et al. 2006). 
In one of the three upper trophic level fish samples (UF1) PAH TEQ (21.1 pg/g) exceeded (by 
129%) the dietary LOAEL for REP/TEQ (Table 3, Appendix C).  
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Total PCB 
Concentrations of total PCB in the 12 samples of amphibians, crayfish, lower trophic 
level fish and upper trophic level fish (range: 3,950-354,000 pg/g) were below (<37%) the 
dietary LOAEL for total PCB (960,000 pg/g; Bursian et al. 2006) (Table 3, Appendix C). 
PCB TEQ 
Concentrations of TEQ from PCBs in 11 of the 12 samples of amphibians, crayfish, 
lower trophic level fish and upper trophic level fish (range: 0.02-1.06 pg/g) were below (<12%) 
the dietary LOAEL for TEQ (9.2 pg/g; Bursian et al. 2006). In one of the three lower trophic 
level fish samples (LF2) PCB TEQ (9.51 pg/g) barely exceeded (3.4%) the dietary LOAEL for 
TEQ. One PCB congener (#126 with a toxic equivalency factor, TEF, of 0.1) was responsible for 
96% (9.17 pg/g) of the PCB TEQ in sample LF2 (Table 3, Appendix C). 
CDD/CDF TEQ 
Concentrations of TEQ (calculated using World Health Organization TEFs from Van den 
Berg et al. 2006) from CDD/CDF in the 12 amphibian, crayfish, lower trophic level fish and 
upper trophic level fish samples (range: 0.02-1.17 pg/g) were below (<13%) the dietary LOAEL 
for TEQ (9.2 pg/g, Bursian et al. 2006) (Table 3, Appendix C).  
Total TEQ  
 Total TEQ for 10 of the 12 samples of amphibians, crayfish, lower trophic level fish and 
upper trophic level fish (range: 0.21-2.16 pg/g) were below (<24%) the dietary LOAEL for TEQ 
(9.2 pg/g). Two samples, LF2 (10.01 pg/g) and UF1 (22.76 pg/g), exceeded dietary LOAEL for 
total TEQ by 9% and 147%, respectively. Samples LF2 and UF1 exceeded the 9.2 pg/g LOAEL 
for TEQ because of PCB 126 (95% of total TEQ) and PAHs (93% of total TEQ), respectively. 
On average across the three samples for each trophic level, neither lower trophic level fish (3.68 
+ 5.48 pg/g) nor upper trophic level fish (8.95 + 11.96 pg/g) exceeded the dietary LOAEL for 
total TEQ (Table 3, Appendix C). 
Multivariate statistical analysis 
 Cluster Analysis: Concentrations of all BUI contaminants found in all samples were 
entered into the analysis. The dendrogram (Figure 4) shows the relative distances in Euclidean 
space among the 12 samples. Amphibian and crayfish samples grouped together closely, 
although AM3 and CR3 (collected in 2014 vs. 2013, and analyzed separately from the other two 
samples in each prey species) were slightly separated from samples AM1&2 and CR1&2, 
respectively. Samples UF1 (high PAH concentrations) and LF2 (high PCB 126 concentration) 
were clearly separated from samplesUF2&3 and LF1&3, respectively. 
 Principal Component Analysis: Principal component axes PC1 and PC2 explained 60.9% 
and 23.5% of the variation in BUI contaminant composition among the 12 composited prey 
species samples, respectively, or 84.4% of all variation in the data set, a very robust result (Table 
4a). Trophic level (-0.467), total mercury (-0.551 and CDD/CDF TEQ (-0.537) had strong 
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associations with PC axis 1, while PAH REP (-0.644) and PCB TEQ (0.714) had strong 
associations with PC axis 2 (Table 4b, Figure 5). Amphibian and crayfish samples occupied the 
same area of multivariate space because they had very similar principal component scores, and 
these taxa were not strongly associated with any of the eigenvectors (important variables 
contributing to the distribution of samples in multivariate space) shown in Figure 5. Lower 
trophic level fish samples LF1&3 and upper trophic level fish samples UF2&3 each occupied 
their own areas in multivariate space. While samples LF1&3 were not associated with any 
eigenvectors, samples UF2&3 were associated with the PCB TEQ eigenvector. As in the cluster 
analysis, samples LF2 and UF1 each occupied a separate area of multivariate space. Sample LF2 
was pulled toward the PCB TEQ eigenvector by its high PCB 126 TEQ, and sample UF1 was 
pulled far toward the PAH REP eigenvector. All UF samples were associated with the trophic 
level, total mercury and CDD/CDF TEQ eigenvectors but high PAH REP pulled sample UF1 
away from samples UF2&3. In sum, the five eigenvectors all were negatively associated with PC 
axis 1, four of the five were negatively associated with PC axis 2, and one was positively 
associated with PC axis 2. Samples LF2 (PCB TEQ) and UF1, UF2 and UF3 (total mercury) had 
particularly strong associations with one or both of PC1 and PC2 (Table 4c, Figure 5).  
Mink hazard assessment 
Assuming the “worst case” mink diet: The maximum estimated dietary exposure of mink 
in the Genesee River portion of the RE AOC would be 407 ng/g (82% of the dietary LOAEL—
500 ng/g) for total mercury, 6.2 pg/g (69% of the dietary LOAEL—9.2 pg/g) for total TEQ, and 
216,071 pg/g (23% of the dietary LOAEL—960,000 pg/g) for total PCBs. The trophic level of 
the “worst case” diet (using average trophic levels for each prey group) would be 4.3 (Table 5). 
Assuming the “typical” mink diet: The estimated actual dietary exposure in the Genesee 
River portion of the RE AOC would be 243 ng/g (49% of the dietary LOAEL) for total mercury, 
3.6 pg/g (39% of the dietary LOAEL) for total TEQ, and 125,184 pg/g (14% of the dietary 
LOAEL) for total PCBs. The trophic level of the typical mink diet (using average trophic levels 
for each prey group) would be 3.1 (Table 5). 
 
Discussion 
Trophic levels of potential mink prey and estimated mink diets 
The mean trophic levels of our samples can be compared to previously measured trophic 
levels of Lake Ontario fish, although direct comparisons cannot be made as our samples were 
multiple species taken from the lower Genesee River. In Lake Ontario, the trophic levels of 
salmon (N= 23) averaged 5.04 + 0.29 (δN + SD) and trophic levels of alewives (N=34) averaged 
3.75 + 0.18, respectively (Elizabeth Damaske, former SUNY Brockport M.S. student, personal 
communication, 2005). In the Genesee River our upper trophic level fish (UF) samples measured 
4.88 + 0.05, while lower trophic level fish (LF) measured 4.45 + 0.06. 
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 The trophic level of the worst-case diet, using the weighted mean of the trophic levels of 
mink prey taken from the Genesee River, would be 4.3. The trophic level of mink in our previous 
study in the western portion of the RE AOC (Haynes et al. 2007) ranged from 2.71 to 4.97 with 
an average of 3.5, corresponding to dietary trophic levels between 1.71 and 3.97 with an average 
of 2.5. This indicates it is unlikely that mink actually consume the worst-case diet in the AOC.  
The trophic level of the literature-based typical diet, using the trophic levels of Genesee 
River prey, is 3.1. This agrees well with estimates found in USEPA (1995) which reported 
estimates for mink prey ranging from 2.5 to 2.9. Furthermore, this estimate also agrees with the 
results of our previous study (Haynes et al. 2007), falling slightly above the average for RE AOC 
lakeshore mink, which had a dietary trophic level of 2.8. This indicates that our “typical” diet is a 
good and conservative estimate of what mink are actually consuming in the RE AOC. 
BUIs: Loss of Fish and Wildlife Habitat; Degradation of Fish and Wildlife Populations 
Habitat appears to be suitable for mink along the lower Genesee River shoreline in the 
RE AOC, which supports delisting of the Loss of Fish and Wildlife Habitat BUI. Substantial 
evidence of live mink was observed along the shoreline of the study area, which supports 
delisting of the Degradation of Fish and Wildlife Populations.  
BUIs: Bird or Animal Deformities or Reproductive Problems, and Degradation of Fish and 
Wildlife Populations 
Mercury 
Amphibian, crayfish and lower trophic level fish samples were all well below the dietary 
LOAEL for total mercury (500 ng/g), while the mean concentration of total mercury in upper 
trophic level fish in the Genesee River portion of the RE AOC (567 ng/g) exceeded the dietary 
LOAEL by 13%. Assuming that mink consume the “worst-case” diet, the maximum potential 
dietary exposure to total mercury would be 407 ng/g, or 81% of the dietary LOAEL. Assuming 
that mink consume the “typical” diet, the estimated dietary exposure to total mercury would be 
48% of the dietary LOAEL.  
Total PCBs and Total TEQ 
Total PCB concentrations in all mink prey samples were far below the dietary LOAEL, 
and total TEQ was far below the dietary LOAEL in 10/12 samples. One upper trophic level fish 
sample (N=5 fish) exceeded the dietary TEQ (REP) LOAEL for PAHs by 129% and one lower 
trophic level fish sample (N=10 fish) exceeded the dietary TEQ LOAEL for PCB TEQ by 3.4%. 
The average total TEQ for the three upper trophic level fish samples was 97% of the dietary 
LOAEL (9.2 pg/g), and the average total TEQ for the three lower trophic level fish samples was 
40% of the dietary LOAEL. 
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Hazard Analysis 
Even the worst-case estimated dietary exposure did not exceed dietary LOAELs for total 
mercury and total TEQ. While it is possible to construct a mink diet that would exceed the 
dietary LOAELs for these parameters, that diet would have a trophic level above 4.4 (all lower 
and upper trophic level fish in the Genesee River), which is highly unlikely (see above re: 
measured mink and prey trophic levels and our best estimate of mink diet in the RE AOC). Also, 
Haynes et al. (2007) found that the average concentrations of total mercury and CDD/CDF TEQ 
in mink caught in the Braddock Bay portion of the RE AOC, as well as in nearby sites in the 
Genesee River watershed and along Lake Ontario, were below the LOAEL for mink liver. These 
data, together with the mink prey data collected in this study, support delisting the Bird or 
Animal Deformities or Reproductive Problems BUI and the Degradation of Fish and Wildlife 
Populations BUI for mercury and total TEQ in the REAOC.  
Evidence for point and non-point sources of BUI contaminants in the RE AOC 
According to Albers (2003) and Rice et al. (2003), both PAHs and CDDs/CDFs are by-
products of combustion, such as in internal combustion engines, home heating systems and waste 
incinerators. The output of CDD/CDF from municipal waste incinerators is usually dominated by 
octachlorodibenzo-p-dioxin (OCDD; Rice et al. 2003, Gilpin et al. 2003). This was true for all 
prey samples collected in the RE AOC, in which OCDD ranged from 49-78% of the total 
CDD/CDF. This result strongly suggests that the majority of CDD and CDF compounds are 
coming from waste incinerators dispersed across the regional landscape, which amount to a non-
point source for the RE AOC that cannot be remediated within the RAP context.  
Because fish in the six composited samples (3 LF, 3 UF) were collected throughout the 
lower Genesee River study area in different months, the high concentrations of all 12 PAHs 
analyzed and the associated high REP in only one upper trophic level sample (UF1, 5 fish) 
suggests that a single fish contained the high concentrations. Two explanations may account for 
this finding: At least one fish in sample UF1 either 1) was exposed to a point source of PAHs, or 
2) had a poorly functioning liver with regard to PAH biotransformation and excretion. PAHs do 
not bioaccumulate like other BUI contaminants, because higher trophic level organisms (i.e., 
vertebrates) are generally efficient at metabolizing PAHs (Nakata et al. 2003). PAH 
concentrations in fish are usually low (Eisler 1987), and our data show no correlation between 
PAH concentrations and trophic level (Figure 6). Conversely, mercury, PCBs and CDD/CDF are 
bioaccumulated and positively correlated with trophic level (Figure 6). 
Similarly, the abundance of PCB congener 126 in sample LF2 was probably due to one 
fish in that composite of 10 fish after exposure to a point source or inability of the fish’s liver to 
metabolize or excrete the congener.  
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Recommendations 
1. The Loss of Fish and Wildlife BUI delisting criterion relating to mink states that this 
aspect of the BUI can be considered unimpaired when it is demonstrated that: 
- Mink inhabit and reproduce within areas contiguous to the Genesee River and streams 
within the defined area; OR 
- Physical and biological habitat is suitable for mink. 
This study found substantial evidence of live mink along the Genesee River portion of the RE 
AOC, and an evaluation of mink habitat using the USFWS mink Habitat Suitability Index Model 
found highly suitable habitat (85%) along the Genesee River shoreline of the AOC. These 
findings support the delisting of the Loss of Fish and Wildlife BUI. It is recommended that the 
Loss of Fish and Wildlife BUI be delisted if achievement of the other six delisting criteria for 
this BUI can also be demonstrated.  
2. The Degradation of Fish and Wildlife Populations BUI delisting criterion relating to mink 
states that this aspect of the BUI can be considered unimpaired when it is demonstrated 
that: 
- Mink are present and are reproducing; OR 
- Levels of PCBs, dioxins/furans, mirex, and mercury measured in the tissue of resident 
mink prey are below those known to be associated with mink reproductive failure. 
This study used mink diet composition assessments in literature to design a “worst-case diet” 
(trophic level 4.3) and a “typical diet” (trophic level 3.1) for mink in the Rochester Embayment 
AOC, and conducted a hazard assessment for each diet using the analytically-determined mean 
concentrations of BUI contaminants in the potential mink prey sampled in the AOC. Even the 
worst-case estimated dietary exposure did not exceed dietary LOAELs for total mercury and 
total TEQ. While it is possible to construct a mink diet that would exceed the dietary LOAELs 
for these parameters, that diet would have a trophic level above 4.4, which is highly unlikely 
because results of our previous study (Haynes et al. 2007) found that RE AOC lakeshore mink 
had a dietary trophic level of 2.8. 
The findings of this study demonstrate the achievement of this BUI, and it is recommended that 
the Degradation of Fish and Wildlife Populations BUI be delisted. 
3. The Bird and Animal Deformities and Reproductive Problems BUI delisting criterion is 
identical to the one stated above for Degradation of Fish and Wildlife Populations.  It is 
the only delisting criterion for this BUI.   
For the reasons stated above in #2, the findings of this study demonstrate the achievement of this 
BUI, and it is recommended that the Bird and Animal Deformities and Reproductive Problems 
BUI be delisted.  
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4. Gather information on the possible existence and determine the locations of sites near the 
study area with point sources of PAHs and PCB congener 126. If found, consider the 
feasibility of remediating the sites. 
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Table 1: Rochester Embayment AOC BUI Delisting Criteria related to mink (Ecology & 
Environment 2009). 
 
 
 
 
 
BUI BUI Status Delisting Criteria 
Bird or Animal Deformities 
or Reproductive Problems 
Impaired Mink are present and are 
reproducing, OR 
Levels of PCBs, 
dioxins/furans, mirex, and 
mercury measured in the 
tissue of resident prey are 
below those known to be 
associated with mink 
reproductive failure.  
Degradation of Fish and 
Wildlife Populations 
Impaired SAME as above 
Loss of Fish and Wildlife 
Habitat 
Impaired Mink inhabit and reproduce 
within areas contiguous to the 
Genesee River and streams 
within a defined area, OR 
Physical and biological 
habitat is suitable for mink. 
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Table 2: Sampling periods and species caught in the lower Genesee River portion of the RE AOC. 
 
  7 Aug 
2013 
13-20 
Aug 
2013 
23-28 
Aug 2013 
8-11 Sep 
2013 
15 Sep 
2013 
29 Sep-   
5 Oct 
2013 
13-30 Jun 
2014 
26 Apr-   
2 Aug 
2014 
Amphibians          
   Green frog Lithobates clamitans    8 9  2  
   Leopard frog Lithobates pipiens    4 7  3  
   American toad Anaxyrus americana    - -  2  
Crayfish          
   Northern clearwater Orconectes propinguus  72    54  48 
   White river Procambarus a. acutus  -    -  6 
   Big river Cambarus robustus  1    -  - 
Lower Trophic Level 
Fish 
         
   Bluegill Lepomis macrochirus 5  5  4    
   Pumpkinseed Lepomis gibbosus 4  3  5    
   Yellow perch Perca flavesencens 1  2  1    
Upper Trophic Level 
Fish 
         
   Northern pike Exox lucius 1  1  1    
   Largemouth bass Micropterus salmoides 2  2  2    
   Smallmouth bass Micropterus dolomieu 2  2  2    
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Table 3. Summary results [mean (standard deviation) of three samples] of mink prey chemical analysis. Item in bold exceeds LOAEL 
(lowest observed adverse effect level) from Villeneuve et al. 2002 and Van den Berg et al. 2006. 
 
 Dietary 
LOAEL 
 
Amphibian (SD) 
 
Crayfish (SD) 
 
Lower TL Fish (SD) 
 
Upper TL Fish (SD) 
Trophic Level (δN) 
 2.06 (0.08) 3.72 (0.11) 4.45 (0.06) 4.88 (0.05) 
Total Mercury (ng/g) 
500 114.67 (16.86) 74.13 (10.53) 272.00 (26.00) 567.33 (44.23) 
Total PAH REP (pg/g) 
9.2 0.32 (0.22) 0.18 (0.05) 0.04 (0.07) 7.06 (12.16) 
Total Dioxin/Furan TEQ (pg/g)  
9.2 0.15 (0.21) 0.08 (0.06) 0.30 (0.09) 1.09 (0.08) 
Total PCB (pg/g) 
960,000 4,810 (1,239) 23,900 (4,468) 88,233 (15,509) 331,667 (32,808) 
Total PCB TEQ (pg/g) 
9.2 0.20 (0.32) 0.21 (0.25) 3.34 (5.23) 0.80 (0.29) 
Total REP/TEQ (pg/g) 
9.2 0.67 (0.42) 0..47 (0.30) 3.68 (5.48) 8.95 (11.96) 
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Table 4a: Eigenvalues for principal component axes 1 and 2 of the Principal Component 
Analysis of chemicals of concern in mink prey sampled in the RE AOC. 
 
PC Axis Eigenvalue Percent Variation Cumulative % Variation 
1 3.05 60.9 60.9 
2 1.17 23.5 84.4 
 
 
 
 
Table 4b: Eigenvectors (coefficients in the linear combinations of variations making up the 
variables contributing to principal component axes 1 and 2) for the Principal Component 
Analysis of chemicals of concern in mink prey sampled in the RE AOC. 
 
Variable PC1 PC2 
Trophic Level -0.467 0.240 
Total Mercury -0.551 -0.059 
REP for PAHs -0.334 -0.644 
TEQ for Dioxins/Furans -0.537 -0.120 
TEQ for PCBs -0.280 0.714 
 
 
 
 
Table 4c: Principal component scores for 12 mink prey samples collected in the RE AOC. Large 
magnitude scores strongly influencing the analysis are in bold. 
 
Sample PCA Score 1 PCA Score 2 
Amphibian 1 1.84 -0.496 
Amphibian 2 1.82 -0.535 
Amphibian 3 1.30 -0.495 
Crayfish 1 1.25 -0.008 
Crayfish 2 1.16 -0.007 
Crayfish 3 1.06 -0.002 
Lower Fish 1 0.188 0.186 
Lower Fish 2 -0.923 2.32 
Lower Fish 3 -0.010 0.115 
Upper Fish 1 -3.30 -2.37 
Upper Fish 2 -2.29 0.581 
Upper Fish 3 -2.01 0.836 
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Table 5: Trophic levels and estimated dietary exposures based on average BUI contaminant 
concentrations in each prey group compared to the dietary LOAEL for each BUI contaminant. 
 
Chemical Worst-case diet Typical diet LOAEL 
Mercury, total, ng/g 407 242 500 
TEQ, total, pg/g 6.2 3.6  
 
9.2 
 
TEQ, PAHs, pg/g 4.1 2.4 
TEQ, dioxins/furans, pg/g 0.7 0.4 
TEQ, PCBs, pg/g 1.4 0.8 
PCBs, total, pg/g 216,072 125,184 960,000 
Trophic level 4.3 3.1  
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Figure 1: Rochester Embayment Area of Concern (tan). The lower Genesee River study area extends south from Lake Ontario into the 
City of Rochester (http://www.epa.gov/glnpo/aoc/rochester/index.html). 
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Figure 2: Sightings of mink and their signs in the lower Genesee River (see Appendix A).  
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Figure 3a: Mink habitat assessment locations in the lower Genesee River (see Appendix B).  
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Figure 3b: Mink habitat assessment locations in the northern part of the lower Genesee River 
portion of the Rochester Embayment Area of Concern (see Appendix B). 
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Figure 3c: Mink habitat assessment locations in the southern part of the lower Genesee River 
portion of the Rochester Embayment Area of Concern (see Appendix B).  
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Figure 4: Cluster diagram of chemical relationships among 12 composited mink prey samples 
collected in 2013 and 2014. 
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Figure 5: Principal component analysis diagram of chemical relationships in multivariate space 
among 12 composited mink prey samples collected in 2013 and 2014, and the variables (vectors) 
influencing the relationships. 
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Figure 6: Relationships between pairs of variables in the multivariate analysis. Note the relatively strong relationships between PCB and 
CDD/CDF TEQs, and total mercury, but not for PAH REP, and trophic level. 
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Appendix A: Mink and their signs observed in the lower Genesee River portion of the RE AOC. 
 
Mink Sign 
Observations 
Date 
Side of 
River 
Site Description Signs Observed 
1 8/7/2013 East Muddy Beach just before river branches around Seth Green Island 1.Trap surrounded by mink tracks 
2 8/7/2013 West Flat wooded area just before 104 bridge 2. Mink tracks on top of trap 
3 8/7/2013 West Last clump of trees upstream from Kodak WTP 3. Possible mink track on outside of trap 
4 8/20/2013 East Muddy Beach just before river branches around Seth Green Island 4. Multiple mink, raccoon, deer tracks in mud 
5 8/20/2013 West Last clump of trees upstream from Kodak WTP 5. Single mink track in mud 5m from trap 
6 9/4/2013 East Muddy Beach just before river branches around Seth Green Island 6. Multiple mink tracks in mud 5m from trap 
7 9/4/2013 West Small sandbar with scrubby vegetation next to wetland boat docks.  7. Possible mink track on trap ink card 
8 9/8/2013 West Small hardwood tree stand surrounded by cattail marsh 8. Multiple mink tracks in mud 
9 9/11/2013 East Muddy Beach just before river branches around Seth Green Island 9. Probable mink track in mud 
10 9/25/2013 East Muddy Beach just before river branches around Seth Green Island 10. Single mink track in mud 
11 9/25/2013 West Flat wooded area centered between Kodak bridge and 104 bridge 11. Multiple mink tracks in mud 
12 9/25/2013 West Small sandbar flat next to wetland boat docks. Scrub brush vegetation. 12. Multiple mink tracks in sand; two sizes 
13 9/29/2013 East Center of Seth Green Island. Flat wooded area with rocky beach 13. Multiple mink tracks on muddy beach 
14 9/29/2013 East Small hardwood tree stand surrounded by cattail marsh 14. Single mink track in mud 
15 9/29/2013 East Lots of woody debris and garbage accumulated in water on east side of turnaround 
basin. Trap on wooded shoreline 
15. Multiple mink tracks in mud 
16 
10/2/2013 East Small stream inlet entering east side of turnaround basin. Trap located ~100m 
inland along a creek bed. 
16. Mink swimming across river 
17 
10/2/2013 East Lots of woody debris and garbage accumulated in water on east side of turnaround 
basin. Trap on wooded shoreline 
17. Multiple mink tracks in mud 
18 10/2/2013 West Small sandbar flat next to wetland boat docks. Scrub brush vegetation 18. Multiple mink tracks in sand 
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Appendix B: Extent and quality of mink habitat at 41 sites along the lower Genesee River portion of the RE AOC. USFWS HSI 
calculated as shown by Allen (1986). Trapper HSI estimated from 40 years of experience. 
 
GPS 
Latitude 
GPS 
Longitude 
% 
Surface 
Water 
% 
Vegetation 
Cover (30m) 
% 
Shoreline 
Cover (1m) 
USFWS 
HSI 
Trapper 
HSI Site # / Notes / Observations 
4311041 7737687 100 100 10 0.32 0.30 1. ~200m downstream from Ave E bridge. No wetlands here. Sandy beach with 
rock rubble and woody debris. 
4311058 7737650 100 95 50 0.69 0.30 2. ~150m downstream from Ave E Bridge. Gravelly beach with emergent wetland 
vegetation. 
4311060 7737689 100 100 30 0.55 0.10 3. ~250m downstream from Ave E bridge. Rocky beach, logs, steep ~5 m 
embankment ~8 m from shore. Lots of trash. 
4310138 7737440 100 100 30 0.55 0.20 4. ~3m cliff right at shoreline. Heavily shaded by trees, fallen logs and sparse 
vegetation. 
4311036 7737687 100 100 80 0.89 0.30 5. Muddy beach, Phragmites, shrubs and tree cover. 
4311099 7737686 100 100 100 1.00 0.60 6. 100% Phragmites, full overhead cover. ~100m cliff about ~50 m inland. 
4311387 7737440 100 100 95 0.97 0.50 7. Shoreline is solid cattail with small vegetated islands of trees and shrubs. Solid 
ground ~10m wide. Cattail marsh ~30m wide and backs to a steep forested slope. 
4313508 7736932 100 100 100 1.00 0.60 8. End of east side cattail. 
4313995 7737002 100 100 100 1.00 0.50 9. 100% cattail with occasional canals about 8 feet wide. Backed up by steep 
forested slope after ~100m. 
4314175 7736923 100 100 100 1.00 0.50 10. 100% cattail with occasional canals about 8 feet wide. Backed up by steep 
forested slope after ~100m. 
4314363 7736786 100 100 100 1.00 0.50 11. 100% cattail with occasional canals about 8 feet wide. Backed up by steep 
forested slope after ~100m. 
4314377 7736785 100 100 100 1.00 0.60 12. South end of habitat with dense vegetation. Steep rocky banks with plenty of 
fallen tree branches and other cover. 
4314531 7736786 100 100 100 1.00 0.60 13. Center of habitat, rocky shelves along shoreline. 
4314615 7736756 100 100 100 1.00 0.60 14. North end of eastern wooded habitat. Steep, rocky banks. 
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GPS 
Latitude 
GPS 
Longitude 
% 
Surface 
Water 
% 
Vegetation 
Cover (30m) 
% 
Shoreline 
Cover (1m) 
USFWS 
HSI 
Trapper 
HSI Site # / Notes / Observations 
4314525 7736787 100 90 100 0.95 0.60 15. Small wetland bay at the end of boat docks. Mostly shrub with human 
development. 
4314405 7736843 100 100 100 1.00 0.60 16. Beginning of cattail marsh. Rocky shoreline about 10m behind cattails 
4314229 7736944 100 100 100 1.00 0.60 17. End of cattail marsh. 
4314177 7736964 100 90 50 0.67 0.40 18. Walkway bridge near turning basin. Rocky bare soil around shoreline. About 
50m long. Lots of garbage 
4314149 7737001 100 100 100 1.00 0.60 19. Start of cattail marsh surrounding the turning basin. Cattail marsh for about 
80m then cliff with houses above. 
4313570 7736977 100 100 100 1.00 0.60 20. End of the west side cattail marsh at the Stephen F. Roman concrete unloading 
dock. 
4310931 7737689 100 100 100 1.00 0.20 21. ~30m cliffs at base of the Lower Falls. Lots of fallen trees and huge boulders. 
4370928 7737681 100 100 100 1.00 0.20 22. End of rocky section between Lower Falls and Seth Green Island. Too many 
humans to be good mink habitat. 
4311281 7737477 100 100 100 1.00 0.30 23. Seth Green Island. Muddy/rocky shore with fallen logs, overhead cover and 
lots of poison ivy. 
4311534 7737220 100 0 0 0.00 0.00 24. 104 Bridge (Landmark Location) 
4311725 7737205 100 100 100 1.00 0.80 25. POI: mink "Point of Interest" between Kodak railroad bridge and 104 bridge. 
4311863 7737224 100 100 100 1.00 0.60 26. Kodak railroad bridge. 
4311882 7737259 100 100 95 0.97 0.80 27. ~30 m of flat wooded area along shore with dense vegetation, plenty of cover 
and wet solid ground. See POI #14 
4311880 7737214 100 100 100 1.00 0.80 28. Heavily wooded area with branches overhanging water’s edge. Relatively 
steep slope with plenty of cover and possible mink denning sites. Ground dry and 
brushy. Rocky near water's edge. 
4311882 7737259 100 100 0 0.00 0.00 29. POI: Kodak bridge and storm sewer outlet. North of #16. (For photos see #15) 
4312110 7737466 100 0 0 0.00 0.00 30. Industrial infrastructure From #18 to Kodak King's Landing Wastewater 
Treatment Facility 
31 
 
GPS 
Latitude 
GPS 
Longitude 
% 
Surface 
Water 
% 
Vegetation 
Cover (30m) 
% 
Shoreline 
Cover (1m) 
USFWS 
HSI 
Trapper 
HSI Site # / Notes / Observations 
4312191 7737498 100 90 100 0.95 0.50 31. Heavily wooded area with branches overhanging water's edge. Relatively 
steep slope with plenty of cover and possible mink denning sites. Ground dry and 
brushy. Rocky near water's edge. 
4312927 7737184 100 100 95 0.97 0.50 32. Steep heavily wooded slope. 
4312933 7737066 100 100 100 1.00 0.60 33. Cattail marsh for ~30m with occasional small wooded islands, then steep 
wooded slope. 
4312298 7737621 100 100 60 0.77 0.00 35. POI: waterfall between #19 and #21. Steep ~50m concrete storm sewer 
pipeline. 
4313404 7736958 100 100 100 1.00 0.60 36. Cattail marsh ~50m wide backing up to steep wooded slope. 
4313486 7736919 100 90 95 0.92 0.60 37. Steep wooded slope. Potential mink runways on flat rocks on shoreline 
4313613 7736964 100 80 80 0.80 0.00 39. POI: Stephen F. Roman concrete delivery dock. 
4313976 7736995 100 100 100 1.00 0.60 40. Cattail marsh ~30m wide backing up to steep wooded slope. 
4314136 7737004 100 100 100 1.00 0.40 41. Turnaround basin with cattail marsh 10-40m wide, backing up to steep 
wooded slope with large docks and walking trail. 
    
Avg. HSI 0.85 0.44  
    SD 0.29 0.24  
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Appendix C: Total mercury, PAH relative potencies (REP, Villeneuve et al. 2002), and CCD, CDF and PCB toxic equivalents (TEQ, 
Van den Berg et al.1998) for twelve composite tissue samples of potential mink prey from the Genesee River portion of the RE AOC. 
 
LOAELs taken from Dansereau et al. (1999)-Hg 
and Bursian et al. (2006) 
Sample ID AM1 AM2 AM3 CR1 CR2 CR3 LF1 LF2 LF3 UF1 UF2 UF3 
ALS # -003 -004 -19.00 -001 -002 -20.00 -005 -006 -007 -008 -009 -010 
 δN 7.19 7.12 6.70 12.80 12.95 12.22 14.89 15.18 15.28 16.42 16.76 16.57 
 Trophic level 2.12 2.10 1.97 3.76 3.81 3.59 4.38 4.46 4.50 4.83 4.93 4.87 
 % Lipid/100 0.013 0.015 0.056 0.011 0.012 0.081 0.027 0.027 0.033 0.020 0.020 0.024 
Compounds               
Mercury, total (ng/g)   103.0 107.0 134.0 65.6 70.9 85.9 256 258 302 600 585 517 
Dietary Hg LOAEL = 500 ng/g               
               
Total TEQ from PAH, CDD&F, PCB   0.29 0.61 1.12 0.21 0.38 0.80 0.47 10.01 0.55 22.76 1.93 2.16 
Dietary (Prey) TEQ LOAEL = 9.2 pg/g               
               
PAHs (ug/kg=ng/g) REPs                          
Naphthalene    1.10 0.76 0.72 1.60 0.85 0.60 2.20 2.20 2.90 13.00 1.80 2.70 
2-Methylnaphthalene    0.90 0.74 1.00 1.30 0.86 0.94 2.20 2.80 2.60 6.40 2.10 2.10 
Acenaphthylene    ND 0.92 0.28 ND ND 0.74 0.38 0.34 0.39 23.00 0.64 0.75 
Acenaphthene   0.34 0.60 0.38 1.40 1.30 0.98 2.30 3.00 3.40 52.00 2.80 3.00 
Dibenzofuran   0.45 0.43 0.42 ND 0.71 0.66 1.10 1.60 1.70 34.00 1.50 1.30 
Fluorene   0.37 0.48 0.63 0.89 1.20 0.68 2.10 2.90 3.40 63.00 2.70 3.10 
Phenanthrene   1.30 1.70 1.60 4.80 8.00 4.90 5.50 7.00 8.20 400.00 5.50 6.60 
Anthracene   ND 0.53 1.00 0.69 0.94 0.53 0.76 0.86 1.50 190.00 0.85 1.20 
Fluoranthene   2.40 7.10 3.20 6.00 9.20 7.30 3.70 5.00 6.10 610.00 3.30 5.80 
Pyrene   2.50 11.00 2.50 4.30 6.60 4.70 1.10 1.50 6.30 380.00 1.00 3.10 
Benz(a)anthracene 1.90E-06 1.40 6.20 1.00 0.98 1.70 1.20 ND 0.39 1.00 290.00 ND 1.10 
Chrysene 2.30E-06 2.70 7.40 2.30 1.40 2.90 2.80 ND 1.40 1.00 260.00 ND 1.00 
Benzo(b)fluoranthene 5.10E-06 2.50 8.20 2.30 1.50 2.80 2.20 ND 0.54 0.50 270.00 0.28 1.50 
Benzo(k)fluoranthene 1.40E-04 1.40 3.00 0.77 0.78 1.30 0.82 ND 0.75 ND 110.00 ND 0.44 
Benzo(a)pyrene 1.60E-06 1.50 5.50 1.40 0.87 1.80 2.50 ND ND ND 260.00 ND 0.97 
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LOAELs taken from Dansereau et al. (1999)-Hg 
and Bursian et al. (2006) 
Sample ID AM1 AM2 AM3 CR1 CR2 CR3 LF1 LF2 LF3 UF1 UF2 UF3 
ALS # -003 -004 -19.00 -001 -002 -20.00 -005 -006 -007 -008 -009 -010 
 δN 7.19 7.12 6.70 12.80 12.95 12.22 14.89 15.18 15.28 16.42 16.76 16.57 
 Trophic level 2.12 2.10 1.97 3.76 3.81 3.59 4.38 4.46 4.50 4.83 4.93 4.87 
 % Lipid/100 0.013 0.015 0.056 0.011 0.012 0.081 0.027 0.027 0.033 0.020 0.020 0.024 
Compounds               
Indeno(1,2,3-cd)pyrene 1.50E-05 1.70 4.30 1.20 0.91 1.90 1.40 ND 0.32 ND 170.00 ND 0.79 
Dibenz(a,h)anthracene 4.60E-06 0.27 1.00 0.28 ND 0.60 0.30 ND ND ND 45.00 ND ND 
Benzo(g,h,i)perylene   1.60 3.60 0.87 0.70 1.70 1.50 ND 0.34 ND 120.00 ND 0.76 
REPs from PAHs (Dietary [Prey] TEQ LOAEL 
= 9.2 pg/g)   0.25 0.57 0.15 0.14 0.24 0.16 0.00 0.12 0.01 21.10 0.00 0.09 
               
CDDs and CDFs (ng/kg = pg/g) WHO TEFs                         
1,2,3,4,6,7,8-Heptachlorodibenzofuran 
(HpCDF) 0.01 0.44 0.35 0.21 0.41 0.49 0.22 0.25 0.26 0.28 0.458 0.48 0.29 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 
(HpCDD) 0.01 1.61 1.72 0.43 1.28 1.65 0.42 1.22 1.32 1.48 2.27 1.80 2.54 
1,2,3,4,7,8,9-Heptachlorodibenzofuran 
(HpCDF) 0.01 ND ND ND ND ND 0.06 ND ND ND ND ND ND 
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 ND ND 0.07 ND ND 0.05 ND ND ND ND ND ND 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 
(HxCDD) 0.1 ND ND 0.09 ND ND ND ND ND ND ND ND ND 
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 ND ND 0.06 ND ND ND ND ND ND ND ND ND 
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 
(HxCDD) 0.1 ND ND 0.11 ND ND 0.08 ND ND ND 0.34 ND 0.35 
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) 0.1 ND ND ND ND 0.38 ND 1.85 3.32 2.36 8.24 8.01 8.28 
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 
(HxCDD) 0.1 ND ND 0.06 ND ND ND ND ND ND ND ND ND 
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) 0.03 ND ND 0.04 ND ND ND ND ND ND ND ND ND 
1,2,3,7,8-Pentachlorodibenzo-p-dioxin 
(PeCDD) 1 ND ND 0.13 ND ND 0.10 ND ND ND ND ND ND 
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 ND ND 0.06 ND ND 0.05 ND ND ND ND ND ND 
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) 0.3 ND ND 0.09 ND ND ND ND ND ND 0.38 0.35 ND 
2,3,7,8-Tetrachlorodibenzofuran (TCDF) 0.1 ND ND 0.09 ND ND 0.21 ND 0.32 0.59 1.62 1.47 1.16 
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 1 ND ND 0.17 ND ND ND ND ND ND ND ND ND 
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LOAELs taken from Dansereau et al. (1999)-Hg 
and Bursian et al. (2006) 
Sample ID AM1 AM2 AM3 CR1 CR2 CR3 LF1 LF2 LF3 UF1 UF2 UF3 
ALS # -003 -004 -19.00 -001 -002 -20.00 -005 -006 -007 -008 -009 -010 
 δN 7.19 7.12 6.70 12.80 12.95 12.22 14.89 15.18 15.28 16.42 16.76 16.57 
 Trophic level 2.12 2.10 1.97 3.76 3.81 3.59 4.38 4.46 4.50 4.83 4.93 4.87 
 % Lipid/100 0.013 0.015 0.056 0.011 0.012 0.081 0.027 0.027 0.033 0.020 0.020 0.024 
Compounds               
Octachlorodibenzofuran (OCDF) 0.0003 1.40 0.86 0.18 0.91 1.43 0.39 0.86 1.30 1.20 1.22 0.98 1.25 
Octachlorodibenzo-p-dioxin (OCDD) 0.0003 13.20 8.74 2.49 12.00 17.80 5.74 7.72 11.00 13.00 27.50 15.00 19.60 
Heptachlorodibenzo-p-dioxins (HpCDD), Total   11.10 0.71 0.33 1.06 1.35 1.06 0.71 2.37 2.48 4.02 1.80 2.54 
Heptachlorodibenzofurans (HpCDF), Total   1.27 0.90 ND 0.41 0.88 ND 0.75 ND 0.88 1.12 1.40 0.99 
Hexachlorodibenzo-p-dioxins (HxCDD), Total   ND ND 0.24 ND ND 0.18 ND ND ND ND ND 0.35 
Hexachlorodibenzofurans (HxCDF), Total   ND ND 0.06 ND 0.38 0.05 2.52 3.96 2.84 9.39 9.41 8.28 
Pentachlorodibenzo-p-dioxin (PeCDD), Total   ND ND 0.07 ND ND 0.10 ND ND ND ND ND ND 
Pentachlorodibenzofurans (PeCDF), Total   ND ND ND 0.79 1.57 0.68 1.54 ND ND ND 0.66 ND 
Tetrachlorodibenzo-p-dioxins (TCDD), Total   ND ND ND ND 0.62 0.22 ND ND ND ND ND ND 
Tetrachlorodibenzofurans (TCDF), Total   ND ND ND 0.66 ND 0.46 1.06 0.32 ND 2.97 0.59 ND 
Total Dioxins and Furans    26.97 11.21 3.37 15.83 24.03 8.87 15.16 18.95 20.40 46.22 29.83 33.01 
TEQs from Dioxins and Furans   0.02 0.02 0.42 0.02 0.06 0.14 0.20 0.38 0.31 1.24 1.15 1.01 
Dietary (Prey) TEQ LOAEL = 9.2 pg/g               
               
PCBs (ng/kg = pg/g) WHO TEFs                         
Monochlorobiphenyls, Total   ND ND ND 6.09 ND ND ND ND ND ND ND 2.55 
Dichlorobiphenyls, Total   ND ND 52.40 202.00 124.00 69.90 ND 38.60 ND ND 167.00 185.00 
Trichlorobiphenyls, Total   172 132 78 865 951 509 2230 2870 3130 5030 3700 3870 
Tetrachlorobiphenyls, Total   778 720 310 3900 3680 2950 11400 14000 14900 42000 36600 43000 
Pentachlorobiphenyls, Total   1030 923 1020 5410 6210 9530 22900 28800 22000 103000 94300 104000 
Hexachlorobiphenyls, Total   1060 1020 2160 4560 7420 9630 25700 30600 18900 111000 91100 109000 
Heptachlorobiphenyls, Total   837 805 1680 2830 5260 3650 17400 21100 11400 66000 50200 64200 
Octachlorobiphenyls, Total   230 235 671 826 1320 910 4180 5800 3010 20800 13200 16600 
Nonachlorobiphenyls, Total   98 84 193 208 234 218 1120 1300 804 4150 3280 4180 
Total PCBs   4250 3950 6230 18900 25300 27500 85300 105000 74400 354000 294000 347000 
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LOAELs taken from Dansereau et al. (1999)-Hg 
and Bursian et al. (2006) 
Sample ID AM1 AM2 AM3 CR1 CR2 CR3 LF1 LF2 LF3 UF1 UF2 UF3 
ALS # -003 -004 -19.00 -001 -002 -20.00 -005 -006 -007 -008 -009 -010 
 δN 7.19 7.12 6.70 12.80 12.95 12.22 14.89 15.18 15.28 16.42 16.76 16.57 
 Trophic level 2.12 2.10 1.97 3.76 3.81 3.59 4.38 4.46 4.50 4.83 4.93 4.87 
 % Lipid/100 0.013 0.015 0.056 0.011 0.012 0.081 0.027 0.027 0.033 0.020 0.020 0.024 
Compounds               
Dietary (Prey) TPCBs LOAEL =  960,000 pg/g               
PCB 105 0.00003 79.90 71.30 82.80 404.00 520.00 899.00 1940.00 2350.00 1580.00 ND 6030.00 6950.00 
PCB 114 0.00003 8.84 7.23 15.20 ND ND 73.80 91.40 116.00 58.50 37.90 378.00 451.00 
PCB 118 0.00003 365.00 390.00 364.00 1110.00 1550.00 2520.00 5590.00 7230.00 4890.00 145.00 17200.00 22400.00 
PCB 123 0.00003 6.37 7.93 11.40 ND 8.43 51.40 56.10 75.70 51.00 307.00 212.00 265.00 
PCB 126 0.1 ND ND 5.58 ND ND 3.65 ND 91.70 ND ND ND ND 
PCB 167 0.00003 24.10 23.30 54.50 69.80 114.00 179.00 306.00 378.00 234.00 23.60 1040.00 1280.00 
PCB 169 0.03 ND ND ND ND ND ND ND ND ND 13.40 ND ND 
PCB 189 0.00003 5.35 ND 14.00 12.70 23.90 26.90 68.80 80.00 38.80 ND 178.00 213.00 
PCB 77 0.0001 4.49 ND ND 33.50 27.10 23.50 53.60 68.60 73.40 227.00 160.00 142.00 
PCB 81 0.0003 ND ND ND ND ND ND ND ND ND ND 14.70 ND 
PCBs 156 + 157 0.00003 52.60 49.90 110.00 191.00 247.00 501.00 794.00 970.00 589.00 1670.00 2680.00 3290.00 
TEQs from PCBs (Dietary (Prey) TEQ LOAEL = 
9.2 pg/g)   0.02 0.02 0.58 0.06 0.08 0.49 0.27 9.52 0.23 0.49 0.85 1.06 
 
